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THE  EFFECT  OF  THE  FORM  OF  AN  ACTIVE  QAS  JET  ON  THE 
CHARACTERISTICS  OF  A  GAS  EJECTOR  WITH 
SHORT  MIXING  CHAMBER 


Yu.  A.  Bordovitsyn,  A.  F.  Koval'nogov, 
and  V.  A.  Filin 

In  the  gas  passages  of  gas-turbine  devices  and  in  a  number  of 
other  gas-jet  devices  widespread  application  is  being  given  to 
ejectors  with  short  mixing  chambers  (0.5-2  bore).  Shortening  of 
the  mixing  chamber  is  accompanied  by  a  decrease  in  weight  and  the 
overall  size  of  ejector  equipment. 

Improvement  of  the  characteristics  of  Buch  ejectors  -  an  increase 
in  the  coefficient  of  ejection  »,  a  decrease  in  hydraulic  resistance 
Ap,  the  level  of  the  air  noise  of  the  Jet  emergent  from  the  ejector 
L,  -  is  of  significant  practical  interest. 

For  an  appraisal  of  the  effect  of  the  geometric  form  of  the 
Jet  of  an  active  gas  on  the  cited  characteristics  of  a  gas  ejector 
experimental  analysis  on  an  ejector  model  were  conducted. 

The  experimental  device  (Fig.  1)  consisted  of  ejected  air  receiver 
1,  Jet  of  active  (ejected)  gas  2,  mixing  chamber  3,  and  outlet 
diffuser  4.  Ejected  air  was  sucked  in  from  the  atmosphere  into 
receiver  1  through  end- choke  washer  5»  imitating  the  hydraulic 
resistance  of  the  route  of  the  ejected  air. 


FTD-MT-24-18-71 


1 


Condensed  air  from  a  compressor  entered  the  active  gas  Jet,  ta 
which  pressure  was  applied  approximately  corresponding  to  the 
pressure  of  the  exhaust  gases  behind  the  power  turbine  of  a  gas-turbine 
engine . 

.  While  conducting  the  experiments,  gas-dynamic  measurements 
necessary  for  the  determination  of  the  flow  rate  of  active  0^  and 
ejected  G2  air,  the  coefficient  of  ejection  n,  and  the  resistance  of 
the  exhaust  system  were  made. 

The  noise  level  of  the  air  stream  emerging  from  the  ejector  was _ 

measured  by  an  audio-noise  meter  of  the  firm  B'&K  of  "design  2203. 

The  microphone  of  the  audio-noise  meter  was  placed  at  a  distance  of 
0.5  m  from  the  outlet  crocs  section  of  the  diffusor  at  an  angle  of 
45°  to  the  axis  of  the  ejector. 

Two  types  of  nozzles  of  active  gas  (Pig.  2)  have  been  tested. 
Nozzle  A  had  an  outlet  cross  section  of  annular  form.  Outlet  section 
B  consisted  of  seven  rectangular  sections  with  a  central  round  opening. 
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Pig .  2 .  Active  gas  nozzle  types: 

lj^f€  .MO  um.  Dr* » ",  "•  <£-*»".  -*  "• 


Both  active  gas  Jets  were  of  identical  length  and  had  the  same 
ratio  of  input  and  output  areas  —  In-  _  0,65. 

*  /mix 


The  mixing  chamber  of  the  ejector  consisted  of  two  parts. 

Joined  by  flanges  which  allowed  us  to  obtain  a  mixing  chamber  with  a 

relative  length  of  i.  ii—  0,568  and  1 , 136 .  The  relative  area  of  the 

*  f% 


mixing  chamber  was 
was  Dm** 95  mm. 


the  diameter  of  the  mixing  chamber 


The  circular  coniform  diffusor,  fastened  at  the  outlet  from  the 
mixing  chamber,  had  a  relative  length  with  respect  to  the  inlet 

diameter  of  — 1,052  and  a  relative  outlet  area  of  /.--p5—— 0,670. 

The  central  angle  of  the  diffusor  opening  was  12*. 
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Adjustment  of  a  device -during  the  tests  of  all  variants  of  the 
ejector  models  was  carried  out  under  conditions  of  maintenance  of 
constant  flow  rate  for  each  compared  variant. 

The  research  was  conducted  with  the  temperature  of  the  active 
air  less  than  the  temperature  of  the  exhaust  gases  of  a  gas-turbine 
device.  Therefore,  the  coefficient  of  ejection  obtained  on  the  model, 
was  reduced  to  the  temperature  characteristic  for  the  exhaust  gases 
of  a  gas-turbine  engine  using  the  formula  [1] 


in  which  -  the  actual  coefficient  of  ejection  7'-686*lt  - 

the  temperature  of  the  exhaust  gases  of  a  gas-turbine  engine;  7f— 
the  temperature  of  the  active  gas  during  the  tests. 

The  experimental  data  was  processed  with  respect  to  comparative 
characteristics.  As  basic  variants  we  adopted  ejector  variants  with 
an  active  gas  Jet  of  circular  outlet  cross  section  (design  A).  The 
characteristics  of  the  basic  counterparts  of  the  ejector  is  given  in 
the  table. 


Table.  The  parameters  of  an  ejector  with  an  active  gas  Jet  of 
circular  outlet  cross  section. 


The  flow  rate 
of  gu 

0/  — 0,427  kg/s 

0/  ~  0,328  kfi/s  ■  j 

0/  .0,244  kg/s 

,'s^.  Parameter 

Code 

A/i* 

'kg/m*' 

H 

L 

db 

H 

Ap* 

kg/m2 

ft 

> 

L 

db 

X 

Aft* 

kg/i2 

n 

•/• 

L  ' 

db 

<  k 

•  A2A 

452 

4.41 

103,3 

0,268 

273 

454 

97,5 

0,210 

159 

453 

925 

0,159 

A20 

514 

359 

109,3 

0,286 

321 

3,45 

103,0 

0,228 

89 

353 

93,0 

0,174 

A10 

832 

1.22 

110,0 

0307 

383 

1.19 

B 

220 

154 

995 

0,189 

The  code  in  the  left  column  of  the  Table  designates  the 
combination  of  mixing  chamber  and  diffusor  mounting.  For  example, 
the  code  A20  means  an  ejector  with  an  active  gas  Jet  A,  with  two 
Insets  of  the  mixing  chamber,  without  a  diffusor. 


The  comparative  characteristics  of  the  ejector  with  an  active  gas 

Jet  B  is  given  in  Fig.  3.  Here  AF*  “  • 

Subscripts  A  and  B  refer  to  the  characteristics  of  an  ejector  with 
an  active  gas  Jet  of  design  A  and  B,  respectively.  A  comparison 
was  made  with  identical  values  of  a  given  velocity  X  in  the  cross 
section  of  the  active  gas  Jet. 


Fig.  3.  The  effect  of 
the  active  gas  nozzle 
form  on  the  character¬ 
istics  of  the  ejector. 


As  can  be  seen  from  Fig.  3,  the  application  of  the  active  gas 
section  nozzles  with  the  short  ejector  mixing  chambers  allows  us 
to  considerably  decrease  the  noise  level  of  the  stream  emerging_from 
the  ejector,  and  to  increase  the  coefficient  of  air  ejection  by 
1.25-3.75  times  with  a  change  in  &p*  from  0.9*t  to  1.03. 
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ON  THE  CALCULATION  OP  THE  MAXIMUM  DEGREE  OP 
COMPRESSION  OP  AN  EJECTOR 

I.  I.  Kalmykov  and  I.  I.  Mosln 

In  the  practice  of  testing  special  engines,  and  also  a  number 
of  other  cases,  where  ejector  devices  are  used  as  extractors.  It  Is 
Important  to  determine  the  highest  degree  of  rarefaction  of  the 
medium  in  the  inlet  receiver  of  the  first  stage  of  an  ejector  or  the 
maximum  degree  of  its  compression.  As  is  known,  these  conditions 
conform  to  the  work  mode  of  the  stage  at  zero  output  and  maximum 
pressure  drop  on  the  active  Jet. 

The  most  widespread  means  for  recreating  the  characteristics  of 
high-pressure  ejectors,  including  the  calculation  of  above-named 
conditions,  are  the  methods  founded  upon  the  one-dimensional  theory 
of  a  gas  flow  [1].  Along  with  their  convenience  they  have  a  sig¬ 
nificant  shortcoming  -  poor  convergence  in  the  area  of  small  and  zero 
maximum  ejection  coefficient,  especially  for  an  ejector  with  central 
feed  of  the  active  Jet. 

As  the  basis  of  the  existing  methods  for  calculation  of  the  mode 
with  «_«-0  (P-’Pmn  and  the  following  scheme  of  the  gas  flow 

in  an  initial  section  is  assumed:  the  Jet  operates  with  insufficient 
expansion  during  a  supercritical  pressure  drop,  in  consequence  of 
which  the  gas,  leaving  the  jet,  continues  to  expand  in  the  initial 
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section  until  Its  external  boundary  touches  the  mixing  chamber  walls; 
ejection  becomes  impossible.  Such  Is  a  one-dimensional  analogue 
of  the  gas  flow  under  these  conditions. 

However,  In  actuality  the  execution  of  the  basic  prerequisite 
of  the  theory  of  this  mode  -  the  tangency  by  the  external  boundaries 
of  the  Jet  chamber  walls  -  still  does  not  lead  to  and  the 

value  of  .  obtained  is  more  than  zero  for  the  calculation  value  of 
the  drop  in  pressure  at  the  Jets 

This  bears  witness  to  the  fact  that  an  active  stream  within  its 
boundaries  under  certain  conditions  still  carries  a  certain  quantity 
of  the  passive  medium.  The  analysis  of  the  structure  of  the  corres¬ 
ponding  supersonic  flow  confirms  this  conclusion. 

Figure  1  shows  a  diagram  of  the  supersonic  flow  of  an  axlsymmet- 
rlcal  Jet,  which  effuses  Into  motionless  space  with  large  degree  of 
noncalculatability  (?* 


The  detailed  description  of  the  given  diagram  and  the  numbering 
of  the  area  In  Fig.  1  have  been  taken  from  work  [2]. 


Most  interesting,  from  the  viewpoint  of  the  issue  being  discussed, 
is  area  I,  contained  between  the  boundary  of  the  stream  and  the 
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fronts  of  the  branched  impact  waves  1  and  2.  Because  of  area  I  the 
active  stream  pumps  through  Itself  a  certain  quantity  of  the 
ejected  medium  because  of  the  turbulent  mixing  along  the  corresponding 
stream  boundaries. 

If  we  limit  this  Jet  by  walls,  as  takes  place  in  an  ejector, 
then  as  a  result  of  the  interplay  of  the  boundary  of  a  supersonic 
stream  with  a  wall  near  it  rever^  flows  will  arise.  Reverse  flows* 
will  occur  at  *^">0  and  at  —  0."  In  the  latter  case,  however,  the 
condition  of  dynamic  equilibrium  should  be  fulfilled,  namely,  the  fact 
that  the  number  of  the  particles  of  the  ejected  media,  captured  by  a 
stream  in  area  I  and  returned  from  it  to  the  line  of  suction  in  the 
form  of  reverse  flows,  should  be  equal. 

However,  the  accurate  mathematical  description  of  the  cited 
process  with  the  subsequent  solution  of  equations  has  so  far 
been  difficult,  although  at  the  present  time  definite  progress  [3] 
is  being  made  in  this  direction. 

.  For  an  evaluation  of  parameters  under  conditions  '6  and 

P—  T*m  a  well-known  distribution  was  obtained  by  approximation 
methods.  Below  one  of  these  methods  is  considered. 

The  following  scheme  for  the  gas  flow  in  an  initial  section 
Under  conditions  *M«*0  and  T*-’Pmn  is  assumed:  an  active  gas  effuses 
from  a  Jet  with  highly  insufficient  expansion  with  a  supercritical 
pressure  drop;  having  continued  to  expand  it  again  covers  the  whole 
transverse  cross  section  of  the  mixing  chamber;  but  ejection  will 
become  impossible  only  when  the  boundary  turbulent  layer  of  the 
stream  is  not  forced  out,  and  when  the  external  boundary  of  the 
stream  does  not  amount  to  a  certain  maximum  corner  with  the  wall 
(Pig.  2). 


‘Reverse  flows  were  observed  by  us  in  a  clear  coniform  mixing 
chamber  with  the  aid  of  silk  threads  in  the  area  n  »  0-0.05. 
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Pig.  2. 


To  obtain  the  calculation  formulas  in  the  subsequent  analysis, 
conclusion  from  the  work  of  Prof.  I.  P.  Ginzburg  in  the  section  on 
the  theory  of  gas  jets  [2]  are  used. 

Despite  the  sketchiness  of  the  adopted  gas  flow  model  in  the 
initial  section,  considering  the  complex  conditions  of  the  interplay 
of  a  supersonic  Jet  with  a  wall,  the  quantitative  relationships 
obtained  below  allow  us  to  obtain  data,  which  agree  adequately  with 
the  experiment. 

The  maximum  degree  of  compression  for  the  coniform  mixing 
chamber  can  be  calculated  from  the  known  equations  of  ejection 


-  —  —  «„  «,  i,; 

7*f  ♦(*$ 

(1) 

-n - * 

.  /  u 

(2) 

p  1  , 

""  ■<*..)  'PJ  . 

(3) 

where  P  -  — -  the  maximum  drop  in  pressure  on  the  active  Jets; 
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— —  the  basic  geometric  characteristic  of  the  ejector  stage; 
*«* 

—  7nm‘^-  ~  the  degrees  of  compression  of  the  mixing  chamber 


and  of  the  initial  section,  respectively;  p  FXm —  is  the  flow  cross- 
sectional  area  of  an  active  gas  in  the  critical  cross  section  of  a 
Jet  and  at  the  outlet  from  it;  and  F ^  -  the  area  of  the  transverse 
cross  section  of  the  mixing  chamber  inlet  and  at  the  outlet  from  it; 

Xta,  given  velocities  for  an  active  gas  in  cross  sections  /-/  and 
2-2  (Pig.  2);  V,.  the  coefficients  of  pressure  recovery  of  a 

normal  shock  subsonic  diffusor,  and  of  an  active  Jet,  respectively; 

P 

the  maximum  amount  noncalculatabillty  of  the  stream  Jet. 


However,  system  (l)-(3)  is  open-circuited,  as  the  number  of  the 
unknown  /f  ijt X, exceeds  the  number  of  equations.  Therefore,  to 

system  ( 1 )— ( 3 )  it  is  necessary  to  Join  a  supplementary  condition.  In 
accordance  with  the  accepted  scheme  of  the  gas  flow  in  the  Initial 
section  we  assume  that  the  external  boundary  of  the  Jet  constitutes 
a  certain  maximum  angle  with  the  wall  for  the  estimation  of 

conditions,  under  which  the  flow  condition  with  will  be 

realized,  as  a  first  approximation  it  is  possible  to  procede  from  the 
assumption  that  under  these  conditions  the  passage  cross  section  of 
the  initial  section  of  the  mixing  chamber  and  the  maximum  cross 
section  of  the  flow  nucleus,  limited  by  curvilinear  shocks,  should 
be  numerically  equal.  Using  the  designations  in  Fig.  3,  this  condition 
will  be  inscribed  in  the  form 


(*> 


where  7.=--^-  —  the  relative  radius  of  the  mixing  chamber. 


For  a  determination  of  values  #  and  r%  let  us  make  use  of  the 
approximation  method  of  calculating  the  form  of  the  shock  wave  [21: 
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(5) 


•  •  % 


where  jp  7 

■  /».  '  « 


A,—  the  distance  to  the  location  the  flywheel  disc;  vm—  the  Initial 

angle  of  slope  of  the  Jetstream;.  ^  and  ,  are  explained  using 
Pig.  3. 


Pig.  3. 


The  quantities  X,»tvt  and  «,  are  determined  from  relationships1 

K-FW-W*  (6) 

(7) 


‘When  .>j  the  value  of  2,  can  be  found  from  the  simpler 
empirical  Love's  formula  [4]: 

*.  -  M{».1  <ImL- »)r/r-  (Ml- 1)'«-  Jl'jsr. ,;} 

where  t- 0,461 -bjOI(jwr 
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(8) 

(9) 


t  .  .  .  . 

‘  *,  —  irciin  -g~, 

where 

W)  -  7TJ  YJtt-  jhiYlS  ”«*Y 
m(M)  -  ]/j^T  ttcl*V  1)-*fC,8T' 

v  —  •rccos 


Here  o- a-£l  pressure  in  the  areas  I  and  II;  p  - 

'  /  f* 

the  pressure  before  the  normal  shock  wave;  Mach  number 

values  up  to  a  normal  shock  when  at— 0  &nd  7—1,  and  when 

at  the  boundary  of  the  Jetstream  respectively,  are  determined  from 

equations 


(l  +  —  if.)  TPT 

*+i**"\»+> 

Afi-i+TrlvI/frf  [7  +  "W-f'»]) 


The  system  of  equations  (5)-U2)  can  be  solved  by  the  method 
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of  sequential  approximation.  The  velocity  value  at  the  boundary  of 
the  Jetstream  which  satisfies  condition  (4),  is  the  desired 
one.  Assuming  according  to  scaling  formulas  we  determine  the 

value  of  x*.  Por  the  quantity  £  with  the  aid  of  equations  (1)- 

(3)  V  will  be  located,  and  then  eIMII. 

To  check  the  reliability  of  the  calculation  procedure  for  the 
maximum  degree  of  ejector  compression  an  experiment  was  carried  out. 
The  experimental  device  was  a  two-stage  ejector  with  central 
positioning  of  the  active  nozzles.  Maximum  pressure  in  an  active  nlaln 
line  was  as  high  as  7  [atmfabs.)],  and  minimum  pressure  in  the  main 
line  of  the  passive  medium  was  as  low  as  0.01  [atm(abs.)].  The  flow 
rates  of  the  active  and  passive  media  were  determined  using  standard 
procedures.  The  pressure  in  the  active  main  line  was  measured  with 
the  aid  of  a  specimen  pressure  indicator  with  a  scale  value  of 
0.02  kg/cm2;  the  pressure  in  the  main  line  of  the  passive  medium 
was  measured  at  more  than  20  mm  Hg  with  a  mercury  piezometer,  but  at 
less  20  mm  Hg  with  an  oil  piezometer.  In  the  latter  case,  to  one 
of  the  elbows  of  the  piezometer  a  mechanical  vacuum  pressure  device 
RVN-20  was  connected.  The  temperature  in  that  and  another  main  line 
was  determined  with  the  aid  of  temperature  gauges  with  a  scale  value 
of  0.2°. 

A  change  in  the  basic  geometric  characteristics  of  the  investi¬ 
gated  stage  of  the  ejector  with  /^.  5.9  and  17  was  attained  by 

replacement  of  the  active  nozzles.  The  latter  were  made  with  three 
different  values  of  critical  diameter  10.2,  13.2,  and  17  mm). 

The  mixing  chamber  at  the  inlet  had  an  initial  cylindrical 
section  with  a  length  of  2  calibers  (0|»42mm),  a  transient  coniform 
section  with  an  angle  of  conicity  of  2j>  —  !5'  and  degree  of  compression 

T„ -71- 0,8. 

Prom  the  total  measured  pressures  of  an  active  and  passive 
gas  at  the  inlet  to  the  ejector  and  of  the  combined  flow  at  its  outlet 
in  the  maximum  mode  the  drop  in  pressures  on  the  active  nozzles  and 
the  degree  of  compression  were  determined. 

1^ 


A  comparative  evaluation  of  the  convergence  of  tho  aaloulatlon  i 
procedure  of  conditions  whan  s^—0  was  made  with  experience  from 
tho  magnitude  of  the  maximum  drop  In  pressure  P^,  but  not  from  the  ' 
magnitude  *aar  As  a  basis  for  this  served  the  following 
olreumstanee:  entering  into  formula  (1)  for  a  determination  of  *«,, 
are  a  number  of  experimental  ooefflolents  during  the  selection 

of  which  a  oertain  arbitrariness  is  admitted;  but  formula  (3)  lacks 
this  deficiency  for  a  determination  of  P^  ;  the  quantity  j* Mi  is 
a  function  of  oply  one  and  at  that  the  characteristic  variable  5^, 
which  Is  the  desired  quantity  In  the  solution  of  system  (4)-(12). 
Between  values  and  there  Is  a  single-valued  connection  in 

the  form  of  a  relationship  (1).  Therefore,  from  the  quantity  Pm  It 
is  possible  to  Judge  with  sufficient  completeness  the  reliability  of 
the  method,  and  also  the  correctness  of  the  simplifying  prerequisites 
assumed  In  It. 

Figure  4  gives  the  results  of  the  experiment,  and  also  the 
results  of  the  calculation  from  formulas  (3)-(12). 
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Figure  4  Indicates  that  the  calculation  data  adequately  agree 
with  the  appropriate  experimental  data. 


The  resulting  divergence  In  the  valuea  of  75  '  does  not 

w  llUl 

exceed  3-10*  in  the  entire  investigated  range  of  values  of  the  basic 
geometric  characteristics  of  the  stage  7.7”  5,9^  17,0. 
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THE  RATIONAL  METHOD  OP  SELECTING  PARAMETERS  AND 
CALCULATING  SINGLE-STAGE  GAS  TURBINES 

V.  A.  Strunkin 

The  methods  of  calculating  gas  turbines  [OTD]  (TTA)  published 
In  the  literature  have  a  number  of  substantial  deficiencies.  Randomly 
(within  a  recommended ,  but  rather  wide  range)  a  TargTquantity  of 
the  parameters  of  a  stage  Is  selected;  as  a  result  of  which,  as  a 
rule,  there  is  obtained  the  nonconformity  of  Borne  definable 
parameters  of  the  stage  to  the  requirements  shown  for  them  (for 
example,  a  large  negative  reactivity  or  a  great  difference  In  the 
angles  fc  in  a  root  cross  section,  or  an  unacceptable  ratio  of  the 
l^Lght  Of  nozzle  and  that  of  the  working  blades,  etc..  Is  inadmissible). 
This  requires  the  execution  of  a  whole  series  of  calculation  variants 
and  a  large  calculation  effort.  The  mission  of  producing  a  turbine 
of  the  smallest  possible  diametrlo  size,  which  Is  one  of  the  main 
problems  for  GTD,  Is  not  considered. 

The  procedure  being  proposed  is  to  a  considerable  degree  free 
of  the  deficiencies  shown. 

1.  In  the  design  of  gas  turbines  we  know  the  total  pressure 
the  bar  and  the  temperature  of  the  gas  fj,  at  the  outlet;  the  gas 
flow  rate  C,  kg/s;  internal  power  kW,  alnd  the  rpm  »,  equal  to  the 
rotations  of  the  compressor. 
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2.  We  determine  the  values  of  the  following  parameters: 


Here  L~—  the  internal  work;  fe  ■  1.33;  *  ■  288.3  J/kg*deg. 

3.  Let  us  select  a  given  velocity  at  the  turbine  outlet  l*,. 
taking  into  account  that  with  its  increase  the  elongation  stresses  in 
the  blades  are  decreased,  but,  on  the  other  hand,  the  operation  of 
the  output  equipment  of  the  engine  is  impaired.  Usually  ^  “  0.5-0. 7 
in  a  turbojet  engine  and  up  to  0.85  in  a  turboprop  engine. 

Using  the  equation  of  the  flow  rate,  the  introduced  parameters  A 
and  B,  and  also  the  formula  for  stresses  [1] 


*-0.1 


_Sl 

» 


d»M 

_2 


(1) 


it  is  possible  to  obtain  the  following  expression: 


i 


>-221 


I  ,1 

•i»»i  1 0*1 


.  *=* 


(2) 


where  the  output  angle  of  the  flow  from  a  stage;  >£-  inner 

efficiency  of  the  stage. 
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Subsequently,  the  value  for  which  we  can  derive  the  expres¬ 

sion 


•  *  '  9  ■  ' 


(3) 


since 


c,-  i8,is  |/’rso  — 


(4) 


For  equations  (2)-(4)  a  nomograph  (Fig.  1)  has  been  constructed, 
which  allows  us  to  rapidly  find  from  the  selected  quantity  \  the 
velocity  c,,  stresses  a,  and  the  ratio  s/cj.  In  the  creation  of  the 
nomograph  It  Is  assumed  that  ^-0,9;  *,  —  85*.  Taking  into  account 
that  when  iin*,»TV*  this  nomograph  can  be  used  with  any  \ 

within  the  limits  shown.  It  may  appear  that  even  for  the  greatest 
value  of  V  (within  the  boundaries  shown)  the  stresses  o  are 
inadmlssibly  high.  In  this  instance  It  Is  necessary  to  decrease  the 
rotations,  having  selected  in  the  calculation  of  the  compressor  the 
smaller  value  of  the  peripheral  velocity  at  the  circumference  **. 

Final  Judgment  about  the  acceptability  of  stresses  can  be  made 
after  the  determination  of  the  blade  temperature  using  formula  (11). 

4.  Let  us  make  the  choice  of  a  peripheral  velocity  u  at  an 
average  diameter  In  such  a  way  that  under  the  root  cross  section  of 
a  stage  the  condition 

^5) 


would  hold. 
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Nomograph  No 


It  is  obvious  that  the  circular  velocity  and  the  over-all  size 
of  the  turbine  (at  fixed  rotations)  in  this  instance  will  be  minimum. 
BeloiT  on~7  the^ossibility  of  a  further  decrease  of  u  and  the 
over-all  size  of  the  turbine  is  examined. 

If  we  use  condition  (5),  the  dependence  between  parameters  in  the 
stage,  twisted  according  to  the  law  nr.^comt  and  c,  —  conit,  formula 
(1),  the  formula  for  circular  operation 

+  <?„>.  (6) 


and  the  assumption  that 


it  is  possible  to  obtain  the  following  equation  for  the  determination 
of  the  sought  for  value  of  peripheral  velocity: 


(7) 


These  designations  F.ie  introduced: 


h  .  j 
cl  0,283  (I 


(8) 

(9) 


a— ^  —  the  relationship  of  axial  component  velocities  o.  and  op. 


21 


The  quantity  M  on  selected  and  assigned  a  oan  be  determined 
from  nomograph  1  (Pig.  1). 

Equation  (7)  Is  graphically  depicted  by  nomograph  2,  which  allows 
us~to  rapidly  find  the  value  of  -i  and  the  peripheral  velocity  IT. 

In  the  construction  of  the  nomograph  It  was  assumed  that  m  ■  1.02. 


Tit,  lionogrBpFt  He.  2. 


Analysing  the  nomograph,  we  see  that  a  reduction  in  the  angle  «, 
noticeably  affects  the  quantity  u.  The  lower  is  the  lower  u  Is, 
and  therefore,  the  over-all  size  of  the  turbine.  The  effect  o f  a, 

is  especially  strong  at  high  velocities  of  ®2,  i.e.,  with  large 
However,  when  selecting  a2  one  ought  to  consider  the  optimum  operating 
conditions  of  a  OTD  Jet  nozzle.  Therefore,  it  Is  usually  assumed 
that  «, —82— 85. 
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Nomograph  2  allows  us  to  find  also  the  quantity  (lower 

rlghthand  quandrant). 

Por  calculations  with  the  aid  of  nomograph  2  or  from  equation 
(7)  it  is  necessary  to  select  the  quantity  a.  Prom  the  nomograph 
it  is  evident  that  the  greater  the  value  a,  the  smaller  u  and  the 
over-all  size  of  the  turbine.  However,  with  an  increase  in  a,  in  the 
first  place,  the  reactivity  in  the  root  cross  section  is  decreased  p». 
With  cc  idition  (5)  for  p,  the  following  formula  can  be  derived: 


-a*  V— 
_ Ul _ 'liHi 

At 


do) 


Prom  this  formula  it  is  evident  that  when  a>- the  reactivity 

_  ♦ 

h  becomes  negative. 

In  the  second  place,  one  ought  to  take  into  account  the  fact 
that  with  an  increase  a  the  height  of  nozzle  lattice  tu  is 
decreased,  in  comparison  with  the  working  This  can  lead  to  an 

inadmlssibly  large  angle  of  opening  of  the  flow  section.  Calculations 
indicate  that  the  magnitude  a  should  be  selected  within  the  limits 
of  0.7-0. 9.  If,  besides  the  rotations,  for  any  reasons  the  diameter 
of  the  turbine  is  also  given,  then  the  peripheral  velocity  becomes 
known  and  the  necessity  In  stage  No.  4  for  calculation  ceases. 

5.  The  value  —  obtained  in  the  previous  3tage  of  calculation 

*> , 

allows  us  to  determine  the  temperature  of  the  metal  of  a  working 
blade  [1] 


r, = 0,95  0,95  (rt  +  — 

\  J*rr  */ 

-o.«n[i -*+££)■]• 


(11) 
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Known  values  «,  T,  and  the  given  life  span  of  the  blades  allow 
us  to  select  the  material  for  the  working  blades  and  to  calculate  the 
safety  factor,  which  should  take  account  of  the  presence  of  bending 
stresses,  which  are  not  determined  In  the  given  method. 

6.  For  a  determination  of  the  ratio  i  it  1b  first  necessary 
to  find  the  value  of  reactivity  p  at  an  average  radius. 

Let  us  transform  the  expression  for  reactivity 


(12) 


The  rate  of  the  adiabatic  discharge,  which  corresponds  to  work 


Here 


4--sfa-s£;+<5. 


(13) 


*-» 


a- n — r*—  -  nn-A). 

T7* 


(1^) 


(15) 


Since 


-  c|g  +  («  +  cu)»  i 

+(^  -c* -»y. 
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[ 


then,  using  adduced  formulas,  we  will  find 


Prom  formula  (16)  it  is  possible  to  calculate  P  for  a  selected 
value  a.  The  calculation  is  simplified  by  nomograph  3  (Pig*  3),  built 
from  formula  (16)  with  $—0.97;  /n-1,02;  and  ^  -0,9.  The 

quantity  k  can  be  determined  from  nomograph  2  (lower  left  quandrant). 


If  angle  *,  noticeably  diverges  from  85®  ,  then  in  using 
nomograph  3  it  is  first  necessary  to  find  from  the  graph,  given  in  the 
upper  left  quadrant,  the  value  of  the  parameter  b ,  which  depends 
upon  the  coefficient  a  and  angle  a2»  Quantity  b  is  determined  from 
the  condition 


(~  “  *  a*)iin'85V 


At  «t—85 — 95  this  parameter  practically  coincides  with 
quantity  a. 

In  the  formulation  of  nomograph  3  it  was  taken  into  account 
that  quantity  t  practically  does  not  depend  upon  the  value  of 
parameter  A  within  the  limits  of  A  —  0— 0;c  Therefore,  the  second 
term  in  the  denominator  of  (16)  is  taken  as  equal  to  0.97. 

7.  The  ratio  of  the  heights  of  the  nozzle  and  of  the  working 
lattices  we  can  find  from  the  equation  of  the  flow  rate,  assuming 
an  average  diameter  and  flow  rate  through  them  to  be  identical 


-  rr  r  --  -•= 

-L.a.f  y-r  1»=T.  l-Vfl-rtl.  (17) 

I.  Li-o-rtd  I 


Here  we  introduced  the  designation 
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From  equation  (17)  we  constructed  nomograph  4  (Fig.  4), 
considerably  simplifying  the  calculations.  It  Is  assumed  that 


Fig.  4. 


Taking  Into  account  that  the  angle  of  opening  of  the  flow 
section,  it  is  possible  to  a  certain  degree  to  regulate  by  structural 
measures  the  minimum  height  ratio  ■iLa.oi9_og,  If  this  obtained 
relationship  was  lnadmlsslbly  small,* then  one  ought  to  repeat  the 
calculation  using  formulas  (7),  (16)  and  (17)  or  nomographs  1-4,  after 
selecting  a  smaller  value  for  a. 

8.  To  decrease  the  over-all  size  of  a  turbine.  It  is  possible 
to  digress  from  condition  (5),  admitting  angles  somewhat  smaller 

(up  to  10°)  than 
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(18) 


where  &pt  Is  small  In  comparison  with  £*7 

Let  us  keep  as  invariable  the  values  c^7 (!•«.,  a)<  <?**.  *i*- 

Let  us  take  Into  account  the  fact  that  the  circular  operation 
should  be  identical  with  condition  (5)  and  with  condition  (18), 
whence 

+  *«)•  (19) 


The  dashed  lines  in  equation  (19)  and  in  Pig.  5  designate  the 
parameters  of  the  velocity  triangles  with  condition  (18). 


Pig.  5.  Triangles  of  velocities 
in  a  root  cross  section. 


We  assume  that 


(20) 
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Using  the  apparent  relationships  between  the  elements  of  the 
triangles  of  velocities,  dependence  (20)  and  assuming  angle  Afa  has 
a  small  value,  from  equation  (19)  it  is  possible  to  obtain  the 
following  formula  for  the  coefficient  •: 


!  +  • 


„■  •  - 1  ,  I 

•  T'+rrrM-* 


(21) 


This  formula  includes  the  values  obtained  in  the  calculation 
with  condition  (5). 

Thus,  selecting  ip, <  10*.  from  formula  (20)  taking  into  account 
(21),  it  is  possible  to  find  the  new  value  of  the  peripheral  velocity 
«*,  which  is  smaller  than  the  earlier  found  «. 

Mew  values  t 

(17)  or  nomographs 
value  of  the  ratio 


(50 -(■?)"-*>■ 


and  Jl  can  be  found  from  equations  (16)  and 

k. 

3  and  4,  preliminarily  having  determined  the  new 


One  ought  to  keep  in  mind  that  the  reactivity  in  this  Instance 

is  decreased,  while  the  ratio  Jl.  increases. 

4. 


For  the  convenience  of  calculations  we  constructed  nomograph 
5,  from  which  it  is  easily  possible  to  find  the  ratio  of  the  peripheral 
velocities  —  or  the  quantity  /JL.V  / JL"\  Here  auxiliary  quantity 
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Fig.  6. 


9.  Purther,  from  the  found  quantity  u  (or  u',  if  we  assume 
condition  (18))  we  will  determine  values  c,,  «,  and  ^  which 
together  with  the  known  P  and  •  allows  us  to  find  the  loss  due  to 
blow-by  Z„  and  the  quantity  of  gas  passing  through  working  blades 
0.-0- On,  according  to  methods  jglven  in  work  [1].  Knowing  Zy, 
and  l„  let  us  find  the  more  precise  value  of  peripheral  operation 
Z„.  because  from  formula  ^9)  it  was  found  to  be  approximately 


—  L,  +  Zj\ 


(22) 


If  the  obtained  value  Z'  is  less  than  that  assumed  earlier  in 

(9),  one  ought  to  decrease  the  peripheral  velocity  with  respect  to 
l' 

— .  In  this  case  the  average  and,  therefore,  the  overall  diameter 
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of  the  turbine  is  decreased.  In  the  other  case,  when  L £>£.,  •  one 
ought  to  modify  the  value  «taT  having  determined  it  according  to 
formula 


L' 


Velocities  «  and  cu  in  this  instance  we  leave  without 
changes. 


10.  After  the  introduced  amendments,  which  ensure  the  obtaining 
of  assigned  operation  Lt,  it  is  possible  to  make  the  final  calculation 
of  all  the  parameters  of  the  stage,  having  selected  the  design  of 
the  following  section. 

In  this  case  in  series  we  determine  the  values  r„  «„  «v 
Pi,  r„  pt.  Ta,  l„  l„  t  and  the  efficiency  of  the  stage 


%i 


d 


where 


In  the  majority  of  published  methods  for  calculation  of  gas 
turbines  at  a  non-coincidence  of  the  obtained  (as  a  result  of 
enormous  variant  calculations!)  and  assumed  values  of  the  efficiency 
the  conducting  of  a  final  calculation  is  required. 

In  this  case  the  obtained  values  of  the  efficiency  is  final. 
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even  If  It  did  not  coincide  with  the  Initially  assumed  quantity  0,9. 
This  Is  explained  by  the  fact  that  the  obtained  parameters  of  the 
stage  ensure  the  assigned  operation 

As  an  illustration,  on  the  nomographs  the  calculation  of  the 
turbine  with  the  same  parameters  as  In  work  [1]  is  shown. 

11.  The  method  given  here  and,  especially,  the  nomographs  can 
also  be  used  In  the  calculation  of  multistage  turbines.  This  will  be 
Indicated  In  the  following  work  of  the  author  [2]. 
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A  GENERALIZATION  OP  THE  RESULTS  OP  MEASUREMENTS  OP 
THE  FINENESS  OP  FUEL  ATOMIZATION  OP  MECHANICAL 
AND  AIR-MECHANICAL  INJECTORS  OP  THE 
PRESSURE-JET  TYPE 

I.  N.  Dyatlov 

In  this  work  we  have  given  the  results  of  the  mathematical 
processing  of  experimental  analyses  to  determine  the  fineness  of 
atomizations  mechanical  and  air-mechanical  pressure-jet  Injectors 
axifugal. 

At  the  same  time  an  analysis  of  the  existing  formulas  has  been 
conducted  to  determine  the  fineness  of  atomization  and  the 
possibility  of  their  application  to  our  atomization  conditions 
has  been  investigated. 

Generalizations  were  made  for  a  axifugal  PR-3  injector 
with  mechanical  fuel  atomization  and  for  a  fuel-air  injector  (TVF-1). 

The  fuel-air  injector  [1,  2],  without  supplying  atomizing 
air  to  it,  is  an  ordinary  centrifugal  injector  with  mechanical 
atomization. 

The  fineness  of  the  atomization  TVF-1  was  determined  both 
with  and  without  feeding  atomizing  air  to  it.  Checks  were  conducted 
for  two  types  of  fuel:  for  aviation  kerosene  T-l  (GOST  4l38-*l9)  and 
diesel-engine  tractor  fuel  (GOST  385-1(2). 
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1.  The  Determination  of  Fineness  with 
Mechanical  Fuel  Atomization 


Until  now  no  one  succeeded  In  finding  a  theoretical  solution 
to  the  issue  of  fineness  of  fuel  atomization  by  centrifugal  injectors. 
This  Is  explained  by  the  complexity  of  occurring  processes  and 
by  the  great  diversity  of  the  construction  features  of  atomizers. 

Therefore,  in  works  dedicated  to  research  on  the  quality  of 
atomization,  either  empirical  formulas,  which  are  adequate  only 
for  the  studied  types  of  discharging  Jets,  or  formulas  obtained  by 
the  method  of  slmulltude  and  dimensionality  are  used.  The  latter 
somewhat  extend  the  area  of  their  application. 

As  the  determining  dimension  in  a  number  of  works  the  diameter 
of  the  output  nozzle  Jet  is  used. 


In  general  form  this  dependence  can  be  represented  in  the 
following  manner  [3]: 


(1) 


where  d  -  the  average  diameter  of  a  drop;  d -  the  diameter  of  the 
nozzle  Jet;  Z?H  -  the  diameter  of  the  swirl  chamber;  h  -  the  height 
of  the  swirl  chamber;  Re  -  the  Reynolds  number;  MT  -  the  dynamic 
viscosity  of  the  fuel;  pT  and  pp  -  the  density  of  the  fuel  and  of 
the  gas;  oT  -  the  surface  tension  of  the  fuel;  A  -  the  geometric 
characteristics  of  the  injector. 


Experiments  conducted  by  a  series  of  authors  indicate  that 

parameters  £■  t  ,  and  —  are  weakly  affected  by  a  change  —  , 

*,  4, 

therefore  equation  (1)  can  be  written  in  the  form  of  the  following 
exponential  complex: 
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(2) 


, Infregtlgstyig  the  fineness  of  atomization  of  centrifugal  injectors, 
A.  3,  Blox  and  E.  S.  Kiekina  CO  offered  the  generalized  formula 


(3) 


where  v  -  the  rate  of  fuel  discharge;  vT  -  the  kinematic  viscosity 
of  the  fuel. 


Processing  of  the  experimental  data  in  work  [5]  allowed  us  to 
establish  a  dependence  for  the  determination  of  the  average  diameter 

*.  •  .1 

of  drops 


Generalizing  the  experimental  data  of  a  number  of  authors,  in  research 
work  [6]  there  is  given  the  equation,  which  has  the  form 


(5) 


where  i »=/(A). 

Tet  and  Marshall  [7]  give  the  dependence  of  the  average  diameter 
upon  the  ratio  to  tangential  and  axial  rates  of  discharges  of  the 
liquid  from  the  nozzle  of  the  Indicator 


where  t>3  —  the  equivalent  Telocity  at  the  outlet  Jet;  t>T  ~  the 
tangential,  component  of  velocity  at  the  outlet  from  the  eddy 
channels . 

Investigating  the  dissociation  of  a  layer  of  liquid  into 
drops,  I.  I.  Novikov  [8]  gives  an  approximation  solution  for  the 
determination  of  an  average  drop  diameter  in  the  atomization  of  a 
liquid  by  a  centrifugal  injector 
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(7) 


where  Py  -  the  pressure  of  the  fuel;  B  —  the  radius  of  the  chamber 
of  a  swlrler;  rm—  the  radius  of  input  openings  into  the  swirl 
chamber. 

Generalizing  the  results  of  the  experimental  analyses  on  the 
fineness  of  atomization  of  paraffin  by  a  centrifugal  injector, 

N.  N.  Strulevich  [9]  obtained  a  formula 


c 


WIR****  •  eo* - 


(8) 


where  v  -  the  coefficient  flow  rate;  o  -  the  atomization  angle;  rQ  - 
the  radius  of  the  nozzle  Jet. 


In  work  [10]  a  generalization  of  the  experimental  data  of 
various  authors  is  given  on  the  analysis  of  the  fineness  of 
atomization  by  a  centrifugal  injector.  A  generalization  was  made 
with  the  aid  of  dimensionless  criteria  and  an  equation  was  derived; 

w 

Here  6  -  the  thickness  of  a  liquid  layer;  fe  -  a  coefficient,  equal 
to  4.47  for  water  and  aqueous  glycerine  solutions  and  2.9  for 
kerosene  and  melted  paraffin. 


Longvell  [6]  offered  the  following  formula: 

J.  _  0.1 » A* 

**  />,»!«  Y 


do) 


i 
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In  work  [12]  results  of  the  generalization  of  experimental  data  on 
the  atomization  of  water,  kerosene,  and  benzine  In  a  criterial  form 
have  been  given 

■f  -  (135  +  3,67.10"  .  (ID 

In  mechanical  fuel  atomization  with  PR-3  and  TVF-1  injectors 
results  of  our  experimental  analyses  were  generalized  by  the  following 

dependence : 


For  a  comparison  Pigs.  1  and  2  give  the  dependence  j--KP,),  obtained 

by  an  experimental  method  and  calculated  using  various  formulas  for 
PR-3  and  TVF-1  injectors  (without  supplying  atomizing  air  to  the 

latter) . 

Prom  these  figures  it  follows  that  the  results  of  our  experiments 
are  adequately  described  by  equation  (12). 


Comparing  the  results  of  our  experiments  with  the  calculation 
data  of  other  authors,  we  see  that  the  closest  results  for  the 

investigated  discharge  injectors  occur  in  the  calculation  ^  —/(***) 
from  formulas  (3)  and  (9),  while  the  formulas  of  other  authors  show 
significant  divergence. 

Thus,  despite  the  great  diversity  of  calculation  formulas  for 
the  determination  of  the  average  diameter,  as  a  rule,  they  have  a 
particular  character.  Therefore,  they  cannot  be  considered 
generalized  for  all  types  of  centrifugal  Injectors  with  mechanical 
fuel  atomization. 
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They  are  applicable  (Just  as  is  equation  (12))  only  for  the 
investigated  type  of  discharge  injectors  in  the  studied  range  of 
change  in  the  parameters  of  the  process. 

2.  The  Determination  of  the  Degree  of  the 
Fineness  with  Air  and  Air-Mechanical 
Fuel  Atomization 

The  dissociation  of  a  Jet  of  liquid  during  air  and  air-mechanical 
fuel  atomization  has  been  studied  less  than  dissociation  during 
mechanical  atomization. 


In  a  few  works  dedicated  to  this  issue,  experimental  material 
on  the  determination  of  the  fineness  of  atomization  is  generalized 
either  by  a  crlterlal  dependence,  or  using  empirical  formulas. 


For  example,  during  the  analysis  of  the  atomization  of  water 
by  air  nozzles  of  pressure-jet  type  in  the  work  [13]  the  method  of 
similitude  was  used.  The  results  of  all  the  series  of  experiments 
were  generalized  by  the  approximation  dependence 


d 


(13) 


where  t>QT  -  the  relative  velocity  of  air  and  of  liquid  at  the  site 
of  their  encounter;  C  -  an  experimental  constant  which  depends  upon 
the  design  of  the  atomizer. 


The  method  of  similitude  was  used  even  in  the  analysis  of  the 
fineness  of  atomization  by  low-pressure  air  injectors  [14,  15]. 

The  results  of  experimental  studies  in  this  work  were  generalized 
by  the  following  formulas : 


when 


<0,005- 


when  0/JM5  < 


<l>3 


when 


(15) 


* 


0,5 


d 


f 


(16) 


In  these  formulas  y^,  pm  and  are  the  dynamic  viscosity,  the 
density,  and  the  surface  tension  of  the  tested  liquids. 


With  the  aid  of  empirical  formulas  an  experimental  material 
was  generalized  in  works  [11],  and  [16]  during  the  analysis  of  air 
atomization  of  liquids.  With  air-mechanical  fuel  atomization  the 
results  of  our  experiments  were  represented  by  this  criterial 
dependence : 


(17) 


where  —  e, .' 

Furthermore,  we  made  an  attempt  to  obtain  a  simplified 
generalized  formula,  which  would  be  valid  (within  the  limits  of  our 
experiments)  both  with  mechanical,  and  with  air-mechanical  fuel 
atomization. 

Analysis  of  the  derived  formulas  indicates  that  with  mechanical 
and  air-mechanical  fuel  atomization  the  basic  parameter  of  the 
process  affecting  the  fineness  of  atomization  is  the  velocity  of 
discharge  of  the  fuel  (or  excess  pressure).  With  the  increase  In  the 
discharge  velocity  the  diameter  of  the  drops  is  decreased. 


I 


In  connection  with  this  we  se&rched  for  the  dependence 


** 


*-/(»«  ), 


(18) 


where  t>CM  -  the  discharge  velocity  of  the  fuel-air  mixture 


;  .» 
•r-' 


(19) 


Here  —  the  ratio  of  the  flow  rate  of  atomizing  air  to  the 

flow  rate  of  fuel. 


Using  the  data,  obtained  experimentally  In  mechanical  and 
air-mechanical  fuel  atomization,  we  obtained  an  equation  of  the 
type 


/  v*  +  *v. 

\  i  -I  *  J£., . 


(20) 


which  Is  valid  both  for  air-mechanical,  as  well  as  mechanical  fuel 
atomization.  In  mechanical  atomization  equation  (20)  assumes  the 
form 


0.817ty"V*. 


(21) 


The  velocity  exponent  of  various  authors  is  found  within  the  limits 
of  —  0.34— 0.7.  In  our  case  this  superscript  Is  located  In  the 

range  shown  and  is  equal  to  0.585. 


We  have  the  closest  agreement  with  works  [5,  13 J.  Por  example, 
in  work  [5]  for  mechanical  fuel  atomization  n  -  0.54,  and  In  [13] 
with  alr-mechanlcal  atomization  a  -  0.6. 


Figure  3  shows  the  graphic  dependence  of  —  -  /  (v),  where  we 

have  plotted  the  points  obtained  by  experimental  and  calculation 
methods  using  formulas  (13),  (14)  and  (17). 
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One  ought  to  note  that  formula  (l1!)  was  selected  for  reckoning 
i  on  the  consideration  that  it  corresponds  to  the  conditions  of 

!*■ 

our  experiment  with  respect  to  the  magnitude  of  the  parameter  - rrr» 

t*  '«  •« ' 

As  follows  from  Fig.  3,  the  three  formulas  shown  are  equivalent 
and  give  satisfactory  agreement  with  the  experimental  data. 

Figure  4  gives  the  experimental  points  and  calculation  curve 
/(tic«).  plotted  from  formulas  (20)  and  (21). 

“c 

On  this  figure  we  plotted  all  points  obtained  experimentally 
for  discharge  injectors  FR-3  and  TVF-1  both  with  an  atomizing  air 
feed  and  without  it  to  the  injectors.  The  section  of  the  curve  over 
the  range  i>cn  =  10-50  m/s  corresponds  to  the  operating  conditions  of 
the  investigated  discharge  injectors  with  mechanical  fuel  atomization. 


^3 


A3  can  be  seen  from  Pig.  4,  the  results  of  the  experiments 
are  adequately  described  by  equations  (20)  and  (21). 
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ON  THE  CALCULATION  OP  TEMPERATURE  FIELD  IN 
A  COOLED  TURBINE  BLADE  WITH 
LONGITUDINAL  COOLING 
CHANNELS 


V.  I.  Lokay  and  A.  V.  Sharapov 
Introduction 


The  calculation  of  temperatures  T  under  the  body  of  a  blade 
with  Internal  cooling  requires.  In  general,  the  solution  to  the 
spatial  problem  of  thermal  conductivity  with  variable  boundary 
conditions  both  from  the  side  of  the  gas  rj,  as  well  as  from  the 
side  of  the  coolant  fj, 

For  bodies  of  complex  form  an  accurate  analytical  solution  to 
such  a  problem  has  still  not  been  found.  Therefore,  in  practice. 

In  an  application  to  eooled  blades ,  this  Is  solved  either  by 
similarity  methods  (electrothermal,  hydrothermal),  or  by  approximation 
analytical  methods. 

In  the  first  case  there  is  required  special,  very  complex  and 
expensive  Instrumentation  (for  example,  grid  Integrators);  in  the 
second  (for  example,  when  using  numerical  methods:  finite  differences, 
"relaxations"  Cl],  and  others)  to  get  good  accuracy,  lengthy 
calculations  are  neoessary. 
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Calculations  are  considerably  simplified,  if  we  divide  the 
complex  spatial  problem  into  two  independent  ones:  determination  of 
when  T[y,  2)  - T^-  contU  a  search  for  T-T(y,z)  in  several 

cross  sections  over  the  height  of  the  blade  with  within  the 

limits  of  each  of  the  cross  sections. 

Numerous  calculations,  their  Juxtaposition  with  more  accurate 
solutions  and  experimental  data  indicate  that  with  such  a  method 
the  necessary  accuracy  is  obtained  only  for  points  of  a  blade  body, 
situated  in  the  interval  OJ25<x<l,*  where  x **y;  /—  the  height  of  the 
blade. 

In  lower  cross  sections  (x<lO,2S)  because  of  the  heat  removal 
into  the  locking  part  of  the  blades  greater  longitudinal  gradients 

—  are  obtained,  and  the  degree  of  accuracy  proves  to  be  inadequate. 
dx 

But  it  is  Just  these  cross  sections  that  require  greatest  accuracy 
in  the  calculations,  inasmuch  as  they  are  the  most  heavily  loaded. 


For  thin-walled  blades,  or  blades  with  a  large  number  of 
longitudinal  cooling  passages,  with  respect  to  the  type  in  Fig.  la, 
in  the  search  for  a  solution  to  f «  T(x) ,  it  is  possible  to  make  use 
of  the  results  of  works  [2,  3]> 


The  distribution  of  the  temperatures  in  the  cross  section  of  a 
blade  being  cooled  is  subject  [1]  to  the  Laplace  equation 


8>T  .  »T 
dy*  +  ** 


-0 


(1) 


with  nonuniform  boundary  conditions  with  respect  to  contour  L  from 
the  gas  side 

'"ndL^'‘W-T)dLV  (2) 


and  from  the  air  side 


r,)dL. 
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(3) 


[ 


Pig.  1.  Determination  of  average 
oross  section  temperatures  along 
the  height  of  the  blade:  a)  a 
calculation  scheme;  b)  the  results 

of  calculation; -  from 

works  [2,  3]; - according 

to  the  proposed  method;  i-t£ -«£ 


The  solution  of  the  system  (l)-(3)  In  general  Is  again  reduced 
to  lengthy  calculations.  Furthermore,  In  the  division  of  a 
curvilinear  contour  Into  sections  the  latter  Is  obtained  stepwise, 
with  "distorted"  boundary  conditions. 

Por  this  very  reason  frequently  also  in  the  transverse  cross 
section  of  the  blades  in  preliminary  calculations  they  are  limited 
to  the  analysis  of  one-dimenalonal  problems  [4],  splitting  the 
airfoil  Into  sections,  the  configuration  of  which  (a  plate,  a 
cylinder,  a  wedge,  etc.)  allows  the  use  of  known  "accurate"  solutions. 

In  this  work  we  describe  a  composite  method  for  the  calculation 
of  the  temperature  field  of  blades  with  longitudinal  cooling  passages. 

Its  basic  advantage  Is  a  small  labor  input  with  completely 
acceptable  accuracy  for  the  estimated  variant  calculations. 

The  distribution  of  temperatures  along  the  height  of  the  blade 
Is  executed  analytically,  in  transverse  cross  sections  -  by  the 
method  of  electrothermic  analogy  with  a  standard  device  of  type 
EODA-9.60.  j 
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A  method  provides  account  of  the  longitudinal  gradients  of 
temperature  when  searching  for  T~T(y,z).  The  latter  is  attained  by 
a  special  correction  of  the  boundary  conditions  on  sections  of  the 
blade  profile. 

Calculation  of  the  Average  Cross  Section 
Temperature  Along  the  Height 
of  the  Blade 

A  calculation  diagram  has  been  given  in  Pig.  1.  Distribution 
of  the  average  cross  section  temperature  by  height  of  a  blade  with 
longitudinal  cooling  channels  under  steadied  conditions  is  approxi¬ 
mately  described  by  the  system  of  two  equations  [2] 


>f%  r«r«r /={/•;--  r)-*tu,pir-  jy—Qi 

7}- o. 

4x  . 

where  X  —  the  coefficient  of  thermal  conductivity;  f  -  the  area  of 
transverse  cross  section;  the  average  values  of  the  coeffi¬ 

cient  of  heat  transfer  from  the  gas  to  a  blade  and  from  a  blade  to 
the  air;  the  perimeters  of  a  blade  profile,  flowed  around  by 

gas  and  air;  TJ,  K  —  the  average  temperatures  of  stagnation  of  the 
gas  and  air;  <?■  -  the  hourly  flow  rate  of  cooling  air;  xi~-  the  heat 
capacity  of  the"  air.  The  solution  of  the  system  (4)- (5)  is  shown 
in  work  [2]. 

The  deficiency  of  thi3  solution  is  that  it  requires  extremely 
high  calculation  accuracy  for  all  its  components,  since  the  result, 
which  is  expressed  in  the  form  of  the  difference  in  the  big  numbers, 
is  by  2-3  orders  less  than  the  latter. 

For  our  goal,  which  consists  in  obtaining  the  formulas  which 
correct  the  boundary  conditions  in  various  cross  sections  along  the 
height,  without  a  great  disadvantage  for  accuracy,  the  solution  can 


(4) 

(5) 
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be  simplified.  In  accordance  with  the  actual  character  of  the 
distribution  of  the  temperature  of  a  blade  along  its  height,  the 
latter  can  be  divided  into  2  sections  (Pig.  la):  I  —  tfie'Tehgth  Z^, 
where  there  i->  essentially  heat  removal  into  the  blade  root 

0.15—0,25);  II  -  the  length  Zg,  where  the  heat  transfer  along 
the  body  of  the  blade  can  be  disregarded  (l«*0). 

Assuming  for  section  I  '(T-—  T^  —  consT  and  introducing  designation 


T 

'looovr' 


f—  Zi  Y  ~  I* 

.  r  vxtrx'  4‘  lmwV 


t 


Y,~r~ 


(6) 


in  place  of  (4)  we  get 


here 


tp* 


'r  H 

r  *i» 


(7) 


where  the  subscript  "k"  indicates  that  the  quantity  refers  to  a  root 
cross  section. 


Using  a  boundary  condition  with  .r,  -«0,  7— 7*,. 

solution  (7)  can  be  written  in  the  form 


(8) 

'  '«  ,  : 

Arbitrary  constant  B  will  be  found  from  the  second  boundary 
condition  at  the  Junction  of  the  I  and  II  sections.  At  Jr,  —  1  and 
it  is  evident  that 
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(9) 


Assuming  for  section  II  that  1*0,  exclusing  from  system  (4)— (5)  the 
variable  7*,  ,  and  introducing  the  designations 


7  —  TJ  —  8,  «,ar  =»  «f„  *.  it. 


»i»» 

*,+*, 


we  will  obtain 


j£  +  «0-  0.  (10) 

tfjC* 

The  solution  of  the  equation  (10),  describing  the  distribution  of 
the  temperature  of  the  blade  along  section  II,  has  the  form 

C11) 


where  ft„  —  0_  __ 

It  is  evident  that 


(12) 


Having  taken  a  derivative  from  equation  (8)  and  taking  into  account 
that  In  (6)  (f- T, fc, -const,  we  obtain 


f‘4). 

\rfjt,  J** 


•  m. 


(13) 


Now,  with  account  of  equality  (9),  after  small  transforms  we  find 
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(14) 


B 


where  —  —  a;  -^(F. -TL)  —  t. 

Let  us  note  further,  that  on  the  basis  of  designation  (6) 

a  )  t  ch  t  «  0  - g)l  (l«i) 

Thus,  the  distribution  of  the  temperature  along  section  I  is 
determined  by  expression  (8)  with  account  of  (14);  along  section  II 
it  is  determined  by  (11)  with  account  of  (15). 

Figure  lb  by  continuous  lines  shows  the  results  of  the  calcula¬ 
tion  of  the  temperatures  of  a  blade  at  various  flow  rates  of  cooling 
air.  The  place  of  the  Junction  of  sections  was  selected  at  x  —  0,15. 
Basic  data  corresponded  to  parameters  of  contemporary  gas  turbine 
[GTD]  (fTfl): 


f  1210%  =  1293.  W/m2  deg. 

At  5,-2  and  3*/o  «M1(— 1435  and  1970  W/m2  deg. 

There  by  the  dotted  line  shows  the  results  of  calculations  from 
a  refined  method*  [2].  At  present  the  convergence  is  quite  good. 


Account  of  the  Longitudinal  Heat  Flows  in  the 
Body  of  a  Blade  During  the  Calculation  ot 
Temperatures  In  a  Transverse  Cross 
Section  by  the  Electrothermal 
Unit  Method 


As  was  already  indicated,  the  effect  of  the  longitudinal  heat 
flows  on  ti:e  distribution  of  temperature  in  the  transverse  cross 


‘Calculations  conducted  engineer  G.  M.  Sal'nikov. 


aections  of  a  blade  during  calculations  on  analogues  from  an 
electroconductive  paper  can  be  taken  into  account  by  the  appropriate 
correction  of  the  boundary  conditions. 

Let  us  examine  the  temperature  state  of  shaded  elements  in  Pig  2. 


The 


Pig.  2.  Taking  into  consideration  of 
longitudinal  flows  of  heat  during  the 
calculation  of  temperatures  in  a  trans¬ 
verse  cross  section  by  the  ETA  method: 
a)  the  change  in  a  temperature  over  the 
height  of  the  blade;  b)  the  transverse 
cross  section  of  a  blade  at  a  distance 
x  from  the  root. 


Trailing  Edge 


In  a  steady  mode  from  the  equation  of  thermal  balance  of  the 
element  of  the  trailing  edge 

2f,  r  9*-°.*  (l6) 

where 

9i  —  2*r  (?7  —  T)dxdy, 
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For  an  edge  of  constant  thickness,  for  example,  assume  X  -  const, 
we  obtain 


n+ 


(17) 


We  give  to  this  equation  the  form,  which  it  would  have  had  in  the 
absence  of  longitudinal  flows  of  heat 


<PT  - 

— +-ia(7;-r)-0.  (18) 

where  corrected  to  longitudinal  heat  flows  1b  the  quantity  of 

the  arbitrary  coefficient  of  heat  transfer. 


Comparing  equations  (17)  and  (18)  and  passing  over  to  dimension¬ 
less  values  according  to  the  designations  in  (6),  finally  we  will 
receive 


It.; 

L, 


-1 


d>r  - 
<7> 


(19) 


Here  7?  and  T'Ax)  are  determined  from  equations  (8)  or  (11)  depending 

on  the  location  of  cross  sections  along  the  height  of  a  blade  and 
are  considered  to  be  constant  for  a  whole  cross  section.  Analogically, 
there  will  also  be  found  corrected  quantities  for  other  sections 
of  a  cross  section. 


Convex  and  Concave  Parts  of  the  Airfoil 

From  the  equation  of  the  thermal  balance  of  an  element,  by 
directing  the  moving  coordinate  y  along  the  enclosure  of  the  airfoil, 
it  is  possible  to  write: 


7i+Vi  -  ft+ft  -  ft  -ft  —  0, 
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(20) 


where 


qt—,(rt~T)dxdy. 

^“^(^JT-paxdy. 


/S\  _  <»,  _<«. 

\  »,  <“r  “ 


P. 


here  p  -  the  relationship  of  the  element  surfaces,  which  come  into 
contact  with  air  and  gas. 

Prom  equation  (20)  with  -const  (the  average  thickness  of  a 
wall)  and  X -const  it  is  easy  to  obtain 


%+£<r'-T)-&P(T- 


(21) 


Considering  this,  analogically  to  what  was  done  for  trailing 
edge,  and  introducing  the  designation 


1+P 


•r  r. 


(22) 


after  transforms  we  obtain 


•5A-1+ 


£f_. 

& 


(23) 


Here  ft  and  ?„(*)  are  defined  Just  as  in  formula  (19). 


i* 
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The  Leading  Edge 


Depending  on  the  construction  formulation  of  leading  edges  the 
correction  may  be  carried  out  using  formula  (19)  or  (23). 

Results  of  Calculations 

In  the  upper  part  of  Pig.  3  the  continuous  line  Indicates  the 
average  airfoils  by  sections  (leading  and  trailing  edges,  concave 
and  convex  parts)  the  heat  transfer  coefficient  («r)  from  the  gas  to 
the  surface  of  a  blade.  Quantities  have  been  calculated  from 
known  criterial  equations  for  parameters  in  the  root  cross  section 
of  a  lattice. 

A  dotted  line  indicates  the  results  of  the  calculation  of  the 
corrected  boundary  conditions  (with  account  of  the  effect  of  the 
longitudinal  heat  flows)  using  formulas  (19) »  (23).  The  quantity 

~  in  this  instance  was  calculated  on  the  basis  of  the  refined 
analytical  solution,  given  in  work  [2]. 


Pig.  3.  Boundary  conditions  and  the  temr 
perature  field  over  the  enclosure  of  an 
airfoil  in  the  root  cross  section  of  a 
blade: - without  correction  •»« - 

with  correction  calculation  <2*  from  work 

[2]j  -  with  correction  (calculation 

■jy  from  the  proposed  method ) . 
Designations:/-  ■  Watt;  ■  m2  deg. 
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A  dot-dash  line  shows  the  results  of  the  analogous 
calculations  from  formulas  (19),  (23),  but  was  determined  on 

basis  of  approximation  solutions  (8),  (11). 


Calculations  indicate  that  for  a  uniform  temperature  field  of 
gas  in  the  upper  half  of  a  blade  the  correction  of  the  quantity  for 
the  effect  of  longitudinal  heat  flows  proves  to  be  so  small  (l-3<), 
that  it  cannot  be  taken  into  account;  for  a  nonuniform  temperature 
field  of  gas  the  correction  of  boundary  conditions  should  be  made 
over  the  entire  altitude.  The  aforesaid  is  visually  confirmed  by 
Pig.  3,  where  in  the  lower  part  is  indicated  the  distribution  of 
temperatures  on  the  enclosure  of  a  blade  airfoil  in  a  uniform 
temperature  field  of  gas. 


Prom  Pig.  3  it  follows  that: 

1.  During  the  determination  of  temperatures  by  the  electro¬ 
thermal  analogy  method  one  should  of  necessity  make  a  correction  to 
the  boundary  conditions  for  the  longitudinal  heat  flow. 

2.  In  the  search  for  the  correction  of  quantities  ar  good 
accuracy  is  attained,  if  we  use  the  approximation  method  for  the 
calculation  of  T(x),  given  in  this  work. 
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TURBULENCE  IN  THE  ZONE  OP  INTERPLAY  OP  JETSTREAMS 
WITH  THE  PLOW 


V.  A.  Kosterii,  La.  A.  Dudin,  B.  A.  Rogozhin, 

Yu.  S.  Alekseyev  and  Q.  M.  Shalayev 

The  necessity  for  knowledge  of  the  turbulent  structure  of  flow 
in  solving  problems  connected  with  the  movement  of  a  liquid  or  of 
a  gas  has  in  recent  years  required  ever  greater  importance.  Many 
of  the  issues  of  contemporary  gas  dynamics,  heat  and  mass  exchange 
cannot  be  adequately  decided  without  a  knowledge  of  the  laws  of 
turbulent  motion,  without  an  insight  into  the  mechanism  of  the 
phenomenon.  The  turbulent  characteristics  of  a  flow  to  a  considerable 
degree  determine  the  occurrences  of  the  processes  in  the  combustion 
chambers  of  an  engine  -  carburetion,  ignition  of  the  fuel,  stability 
of  the  combustion  processes,  propagation  of  the  flame,  intensity  of 
burn-up  of  the  fuel,  heat  interchange  between  the  combustion  products 
and  the  chamber  wall,  etc. 

Theoretical  methods  of  determining  the  characteristics  of 
turbulence  today  do  not  exist;  these  issues  are  solved,  mainly,  by 
the  experimental  method.  Measurements  connected  with  the  detection 
of  the  turbulent  features  of  a  flow  refer  to  the  most  complex 
aerodynamic  measurements. 
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Of  great  interest  is  research  on  a  turbulent  structure  in  the 
zone  of  flow  disruption,  especially  flow  around  screens, 

because  this  will  allow  us  to  clarify  still-not-satisfactorily 
explained  issues,  connected  with  the  mechanism  stabilization  of  the 
flame.  Especially  interesting  in  this  respect  is  the  little- studied 
issue  of  turbulence  in  Jetstreams  [1]  and  in  the  zone  of  interplay 
of  single  circular  [2],  i.e.,  series  of  circular,  plane  [3]  and  fan 
Jetstreams  with  deflecting  flow.  A  knowledge  of  the  structure  in 
the  blow  zone  of  the  Jetstreams  into  a  deflecting  flow  will  be  gr' 
very  useful  not  only  in  the  solution  of  problems  connected  with  the 
organization  of  the  working  process  in  the  combustion  chamber,  but 
also  in  all  cases  where  intersecting  flows  are  used. 

For  the  measurement  of  turbulent  characteristics  in  air  flows 
several  methods  exist.  The  most  effective  of  these  is  considered 
to  be  the  method  using  the  cooling-power  anemometer,  the  sensitive 
cell  of  which  is  a  fine  metal  filament ,  heated  by  an  electrical 
current.  The  filament  is  Included  in  the  circuit  of  a  bridge.  The 
measurement  of  the  characteristics  of  the  current,  passing  through 
the  filament  during  flow  around  it  by  an  air  flow,  allows  us  to 
Judge  the  character  of  this  flow. 

For  the  measurement  of  turbulent  fluctuations  of  the  rata  two 
methods  are  used:  the  method  of  "constant  current"  ("of  dependent 
resistance")  and  the  method  of  "constant  temperature"  ("of  constant 
resistance  "  filament).  The  second  method  possesses  definite 
advantages  in  comparison  with  the  first.  It  allows  the  conducting 
of  measurements  in  flows  with  high  intensity  of  turbulence  with 
considerably  greater  accuracy  and  in  a  wider  range  of  frequencies  of 
fluctuations  [5]. 

A  feature  of  a  flow  in  a  blast  into  the  deflecting  flow  of 
transverse  Jetstreams  or  curtains,  small  in  size,  but  with  high 
velocities  is  the  presence  of  large  velocity  gradients,  and  a  wide 
spectrum  of  the  frequencies  and  of  scales.  Therefore  to  investigate 
turbulence  in  intersecting  flows  the  method  of  "constant  temperature" 
filament  has  been  selected. 
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For  this  goal  the  cooling-power  anemometer  was  created.  As 
the  basis  of  this  is  the  fundamental  diagram  of  the  cooling-power 
anemometer  TA-1,  developed  by  G.  F.  Apollonov  and  G.  V.  Smirnov 
in  the  laboratory  of  aerodynamics  of  the  LPI  named  after  Kalinin 
and  modified  in  the  laboratory  of  turbulent  combustion  of  IKhKIG  of 
the  CO  (Academy  of  Sciences)  (city  of  Novosibirsk)  by  I.  I. 

Kuznetsov.  The  sensor  of  the  instrument  is  a  tungsten  filament 
with  a  diameter  of  0.008  mm  and  a  length  of  mm.  With  the  shown 
sensor  sizes  the  diagram  ensures  the  exception  of  the  thermal  mass 
Inertia  of  the  filament  over  the  range  of  frequencies  up  to  50  kHz. 
The  effective  value  of  the  alternating  component  of  the  voltage  at 
the  output  of  the  instrument  was  measured  with  the  aid  of  an  F506 
millivoltammeter.  For  the  measurement  of  the  constant  component  of 
voltage  a  composite  instrument  the  Ts57  is  used.  Observation  of 
the  change  in  the  alternating  component  of  voltage  was  conducted 
with  the  aid  of  the  EO-4  electronic  oscillograph. 

For  calibrating  a  cooling-power  anemometer  and  conducting 
measurements  the  composite  sensor,  schematically  shown  in  Fig.  1, 
was  created.  It  consists  of  filament  1  -  the  sensor  of  the  cooling- 
power  anemometer  and  of  the  orientable  pneumometric  tube.  With  the 
aid  of  opening  2  and  5  total  and  static  pressure  is  measured,  while 
opening  4  serves  to  orient  the  tube  in  the  direction  of  the  velocity 
at  the  point,  where  the  measurement  is  made.  The  sensor  is  also 
provided  with  chromel-konel  thermoelectric  couple  3,  the  Joint  of 
which  is  located  in  the  immediate  vicinity  of  the  filament. 


Fig.  1.  The  diagram  of  a  composite 
sensor. 
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The  intensity  of  the  turbulence  is  a  ratio 


where  \vr-  the  root-mean-square  value  of  the  pulsation  component 
of  the  flow  rate;  #  —  the  time-averaged  value  of  the  flow  rate  at 
a  given  point. 


The  pulsation  component  of  the  flow  rate  at  a  given  point  is 
determined  in  the  following  manner. 

The  composite  sensor  is  placed  into  the  air  flow.  By  means  of 
the  change  in  the  flow  rate  the  dependence  {7  —  /(‘fP’)  (curve  1,  Fig.  2) 
is  established,  where  ffH  the  average  value  of  the  voltage  at  the 
outlet  of  the  cooling-power  anemometer;  tP'  — the  average  flow  rate, 
measured  with  the  aid  of  a  pneumometric  tube.  By  graphic 
differentiation  of  curve  1  the  dependence  of  the  sensitivity  of  the 

cooling-power  anemometer  upon  the  average  flow  rate.W  can  be 

found  (curve  2,  Fig.  2).  The  root-mean-square  value  of  the  pulsation 
component  of  flow  rate  at  any  point  is  determined  by  the  relationship 


where  if-  the  effective  value  of  the  pulsation  component  of  voltage 
at  the  outlet  of  the  cooling-power-anemometer;  k—  the  sensitivity 
of  the  cooling-power  anemometer  (it  is  assumed  from  the  graph  that 
for  a  measured  average  velocity  at  the  given  point  #).’ 

To  check  the  operation  of  the  cooling-power  anemometer  measurement 
of  the  intensity  of  turbulence  was  conducted  after  orthogonal 
lattices.  Lattices  of  throe  sizes  were  taken:  No.  1—8x4,  No. 

No*  2  -  12  x  No,  3  —  16  x  8  (the  first  numerals  indicate  the 
spacing  of  the  lattice  into  mm,  the  second  -  the  diameter  of  a  rod, 
also  in  mm). 
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Fig.  2.  Calibration  curves  of  a 
cooling-power  anemometer. 


Figure  3a  depicts  the  results  of  the  measurement  of  the  intensity 
of  turbulence  over  the  radius  of  the  flow,  effusing  from  a  duct 
(D  =  1*J0  mm)  at  a  distance  *  =  20  mm  from  the  lattice.  The  intensity 
of  the  turbulence  remains  approximately  constant  in  the  flow  nucleus 
and  sharp] v  increases  in  the  turbulent  layer  at  the  Jetstream 
boundary.  The  character  of  the  curve  corresponds  to  the  results  of 
measurements  of  e,  given  in  work  [6]. 


Fig.  3.  The  intensity  of 
turbulence  behind 
lattices . 
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Figure  3b  shows  the  change  in  the  intensity  of  turbulence 
behind  lattices  along  the  ails  of  air  flow.  In  moving  away  from  a 
lattice  the  intensity  of  the  turbulence  falls  somewhat  and  only  at 
some  distance  from  it  increases,  which  agrees  with  the  data  T1*.  7, 

9,  10].  Absolute  values  of  e  also  rather  nearly  correspond  to 
the  measurements  of  other  investigators  ( 7—15%  at  a  distance  of 
100  mm  from  a  lattice). 

The  results  of  measurements  of  the  intensity  of  turbulence  In 
the  air  flow,  flowing  around  a  cone  with  a  diameter  of  60  mm,  are 
presented  in  Fig.  4.  The  greatest  values  of  e  were  measured  in  a 
turbulent  layer  directly  after  the  edges  of  the  cone,  in  the  area 
where  disruption  of  the  flow  occurs.  The  intensity  of  turbulence 
In  the  zone  of  reverse  currents  in  the  wake  behind  the  cone  comprise 
e  =  40-50*.  These  results  adequately  agree  with  the  measurements 
of  the  intensity  of  turbulence  behind  the  trough-shaped  flame 
stabilizer  with  a  width  of  60  mm  [4]. 


Fig.  4.  The  intensity  of  turbulence  in  the 
flow  around  a  cone  with  an  angle  of  60°  at 

the  tip:  — — :-  experimental  data; - the 

given  works  [4]. 


An  analysis  of  the  intensity  of  turbulence  in  the  zone  of 
interplay  of  paired  plane  Jetstreams  with  a  deflecting  flow  was  made 
In  a  plane  chamber  with  dimensions  350  x  60  mm,  one  of  the  lateral 
walls  of  which  could  move  within  the  limits  of  the  working  section 


560  nun  in  the  length.  Along  the  axle  of  the  chamber  an  exploring 
tube  with  a  width  of  60  mm  and  a  height  of  20  mm  was  set  up.  To 
a  spout  of  the  tube  were  fastened  interchangeable  fittings,  with 
the  aid  of  which  it  is  possible  to  change  the  size  of  slit  bQ  and 
the  angle  of  outlet  of  the  jetstreams  Measurements  were 

conducted  at  constant  values  of  the  deflecting  flow  velocity  W- 67  m/s, 
the  temperature  of  the  deflecting  flow  rw  -333‘K,  and  of  the  blown-on 
jetstreams  r¥-*83‘K  in  the  vertical  plane  of  symmetry  of  the  chamber. 
The  necessary  ratio  of  the  high-velocity  pressure  heads  of  the 
jetstreams  and  of  the  flow  1/=-^  was  established  by  changing  the 

air  pressure  in  front  of  the  slit • 

Figures  5,  6,  and  7  show  the  results  of  analysis,  where 
numerals  1  and  2  designate  the  lines  of  maximum  velocities  (the 
trajectory  of  the  Jetstream),  3-H  designate  the  boundary  of  the  zones 
of  reverse  currents,  and  5  and  6  indicate  points  of  experimentally 
measured  intensity  of  turbulence. 


.  _  ^<1 


Fi«  s  The  change  in  the  intensity  of  turbulence  in  the  interplay 
a  no.  - 
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Pig.  7.  The  change  In  the  Intensity  of  turbulence  in  the  interaction 
of  Jetstreams  with  a  flow  —  20.  a.^2  jw^w)u  i.is-t.- ta*  1, <,  <- «,_w  _ 


As  can  be  seen  from  the  graphs,  the  degree  of  turbulence  of  an 
Incoming  flow  amounts  to  MSI .  In  every  cross  section  an  increase 
In  the  intensity  of  turbulence  is  observed  near  the  lines  of 
maximum  velocities,  attaining  the  greatest  value  In  the  area  between 
this  line  and  the  boundary  of  the  zone  of  reverse  currents .  The 
maximum  value  of  the  amount  of  turbulence  (in  some  modes  up  to 
1501 )  takes  place  In  the  region  of  the  end  of  the  zone  of  reverse 
currents. 

An  analysis  of  the  obtained  results  Indicates  that  the  absolute 
values  of  the  intensity  of  turbulence  are  significantly  higher  In 
the  zone  of  interplay  of  deflecting  flow  with  Jetstreams,  than  with 
poorly  streamlined  bodies  (Pig.  4)  [<l,  6], 

Figures  5  and  6  show  the  effect  of  the  size  of  the  slit  and 
the  ratio  of  the  high-velocity  pressure  heads  ~qy  on  the  intensity  of 
turbulence.  With  an  increase  in  bQ  (at  =  const)  and  . qv  (at  A,— const) 
the  flow  rate  of  the  air  Increases  (the  quantity  of  movement)  of 
the  Jetstream,  which  leads  to  an  increase  in  the  width  of  a  turbulent 
wake,  in  the  slope  of  the  trajectory,  and  in  the  size  of  the  zone  of 
circulation  (of  reverse  currents).  Together  with  this,  the  intensity 
of  turbulence  in  the  area  between  the  line  of  maximum  velocities 
and  the  axis  of  the  chamber  Increases.  With  a  change  In  bQ  from 
0.5  mm  to  >*1.0  mm  rsicT^the  amount  of  turbulence  in  the  zone  of  reverse 
currents  is  changed  from  MJ5I  to  ^80* ,  and  with  a  change  in  qv 
from  5  to  20  (Fig.  6)  -  from  ^50 I  to  ^951 . 

With  the  change  in  the  exit  angle  *  from  60°  to  BQ  -  150° 

(Fig.  7)  the  Jetstream  is  more  deeply  interposed  into  the  flow,  in 
consequence  of  which  the  size  of  the  zone  of  reverse  currents  and 
the  slope  of  the  lines  of  the  maximum  velocities  increase.  An 
increase  in  the  degree  of  turbulence  begins  further  from  the  axis, 
and  its  absolute  value  increases. 
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Prom  an  analysis  of  the  obtained  results  It  Is  evident  that 
the  character  of  the  change  In  the  Intensity  of  turbulence  In  the 
Interplay  of  the  flow  with  poorly  streamlined  bodies  and  Jetstream 
screens  Is  Identical.  However,  its  absolute  values  in  the  case  of 
Jetstream  screens  are  significantly  higher. 

The  analysis  conducted  indicates  that  by  means  of  the  change 
in  the  parameters  of  a  Jetstream  it  Is  possible  to  change  the 
intensity  of  turbulence  in  the  zone  of  its  interplay  with  the  flow 
in  the  desired  direction. 
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